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Abstract: Purpose: The aim of this study was to make a comparative analysis of the possible different expression 
of Th22 cells in two subtypes of autoimmune thyroid diseases (AITDs), i.e., Graves’ disease (GD) and Hashimoto’s 
thyroiditis (HT). Methods: We recruited 61 AITDs patients (31 GD and 30 HT) and 22 controls. Serum level of IL-22 
was measured by enzyme linked immunosorbent assay (ELISA). The proportion of Th22 cells in peripheral blood 
mononuclear cells (PBMCs) was analyzed by flow cytometry. The messenger RNA (mRNA) expressions of IL-22, its 
receptors (IL10R2, IL22R1) and key transcription factor (aryl hydrocarbon receptor, AHR) in PBMCs were assayed 
by quantitative reverse transcription polymerase chain reaction (qRT-PCR). Several cytokines of the cultured PBMCs 
were also measured under IL-22 stimulation. Results: The proportion of Th22 cells, serum IL22 level and IL-22 
mRNA expression were significantly higher in patients with GD than in healthy controls. Additionally, AHR increased 
in GD patients compared to healthy controls. However, the elevation of Th22 cells and their relative cytokines was 
not found in patients with HT. Consistent with specific mRNAs expression of cultured PBMCs, IL-4 increment in su-
pernatant was much higher in GD group than in control group, while IFN-γ levels were decreased under IL-22 stimu-
lation. Conclusion: Th22 cells may participate in the pathogenesis of AITDs as a proinflammatory factor, especially 
in GD, through expressing and secreting IL-22.
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Introduction 

Autoimmune thyroid diseases (AITDs), which 
mainly include Graves’ disease (GD) and 
Hashimoto’s thyroiditis (HT), are a group of 
immune-mediated thyroid disorders and char-
acterized by autoantibodies against thyroid 
antigens, such as TSH receptor (TSHR), thyro-
globulin (Tg) and thyroid peroxidase (TPO). 
Although our studies and others found these 
two main subtypes of AITDs share some com-
mon susceptible genes and may aggregate in 
the same family [1, 2], both of them have big 
differences not only in clinical manifestation 
but also in pathophysiology. For instance, GD is 
characterized by anti-TSHR antibody (TRAb) 
mediated thyrocyte hyperplasia and hyperthy-

roidism, while HT is predominated by tissue 
destruction and the sequent hypothyroidism. 
Etiologically, GD is thought to be predominated 
by Th2 lymphocyte [3]; in contrast, HT has a 
bias towards Th1 profile [4]. The differential T 
lymphocyte hyperproliferation underlying dis-
tinct categories of AITDs may have implication 
in developing new therapeutic approaches. For 
example, enhanced IL-10 expression, one typi-
cal Th2 producing cytokine, by gene therapy 
has already shown disease-ameliorating effect 
on HT animal model [5]. That is why the variants 
between GD and HT draw great attention and 
become a hot issue in endocrinology area. In 
fact, we have demonstrated that the newly 
defined functioning T help cell, i.e., Th17, varies 
in GD and HT [4]. 
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T helper 22 cells (Th22), which have a stable 
effective factor system and specific biological 
function, is another newly identified T cell sub-
type. IL-22, as the dominant functional cytokine 
of Th22 cells, which belongs to the IL-10 cyto-
kine superfamily, was once named as IL-10 
related T cell-derived inducible factor (IL-TIF). 
The functional IL-22 receptor consists of two 
receptor subunits, IL22R1 and IL10R2. Aryl 
hydrocarbon receptor (AHR) is the key tran-
scription factor of IL-22. Of note, many research-
es have found that Th22 cell and its effective 
factor IL-22 not only play vital roles in host 
defense against exogenous microorganisms [6, 
7], but also are implicated in the pathology of 
many autoimmune inflammatory diseases like 
rheumatoid arthritis [8], multiple sclerosis [9], 
immune thrombocytopenia [10] and ankylosing 
spondylitis [11]. Meanwhile, it has been found 
that the role of the novel cytokine IL-22 in differ-
ent autoimmune diseases can be beneficial or 
detrimental [8, 12].

Two recent studies preliminarily reported that 
the frequency of circulating Th22 cells is higher 
in newly-onset patients with GD [13] and HT 
[14]. However, in the present study, we found 
GD has a different Th22 pattern from that of 
HT. Additionally, we also primitively explored the 
possible role of Th22 in the development of 
AITDs.

Subjects and methods

Subjects

A total of 31 patients (8 males and 23 females) 
with newly diagnosed GD and 30 HT patients (3 
males and 27 females) were enrolled from the 
Outpatient Department of Jinshan Hospital, 
Fudan University (Shanghai, China). Another 22 
age- and sex-matched healthy controls (5 
males and 17 females) were collected from the 
Health Check-Up Center of the same hospital. 
All the subjects including AITDs patients (AITDs 
group) and normal controls (NC group) were of 
Chinese Han population and unrelated to each 
other.

GD patients were diagnosed by clinical mani-
festations and biochemical assessments of 
hyperthyroidism and the positive circulating 
TSH receptor antibody (TRAb), with or without 
positive antibody against thyroid peroxidase 
(TPOAb) or antibody against thyroglobulin 

(TgAb) or diffuse goiter of the thyroid. HT was 
defined based on the high level of either TPOAb 
or TgAb, with or without clinical and biochemi-
cal hypothyroidism, the presence of an enlarged 
thyroid. HT in a minority of patients was also 
confirmed by fine needle aspiration biopsies. 
Only the ones with negative thyroid antibodies 
were recruited in NC group, and others with 
acute or chronic diseases and medication his-
tory during the past three months were exclud-
ed in this group.

Written informed consent was obtained from all 
the subjects, and the research protocol was 
approved by the Ethics Committee of Jinshan 
Hospital. 

Sample preparation

Peripheral blood samples were collected in 
coagulant-containing tubes and heparin sodi-
um-containing tubes, respectively, at room 
temperature. Then serum samples were sepa-
rated through centrifugation, while peripheral 
blood mononuclear cells (PBMCs) were isolated 
by gradient centrifugation with lymphocyte sep-
aration medium (Tianjin Haoyang Company, 
China). Serum supernatant was stored at -80°C 
until use. The harvested PBMCs were stored in 
liquid nitrogen before use. After they were cul-
tured for 48 h, PBMCs and the supernatant 
were collected for the next arrays. 

ELISA

IL-22 concentration in the serum samples was 
validated using the ELISA kit (R&D Systems, 
USA). 100 μl serum samples of each patient 
and each control were used according to the 
manufacturer’s protocol. Samples were coded 
until the end of the experiment so that the 
experimenters were unaware of the group des-
ignation during the procedure. A standard curve 
was prepared by serial dilution of purified 
recombinant protein supplied with the kit. 100 
μl standards or serum samples (in duplicate) 
were added to the appropriate well in a 96-well 
plate containing immobilized antibodies specif-
ic to IL-22. Samples were incubated for 2 h at 
room temperature, with gentle shaking. After 
adding 200 μl of IL22 conjugate to each well, 
they were mixed and incubated for 2 h. Following 
extensive washing, bound IL-22 was detected 
using a horseradish peroxidase (HRP)-conju- 
gated monoclonal antibody against the target 
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protein. The detection antibody was incubated 
for 30 min at room temperature and detected 
using hydrogen peroxide and chromogen (tetra-
methylbenzidine). The reaction was terminated 
by addition of sulfuric acid provided in the kit. 
The resultant optical density was detected with 
an enzymes labeling reader at 450 nm with a 
wavelength correction reading at 540 nm. The 
concentrations of the unknowns were calculat-
ed from the standard curve.

Flow cytometric analysis

Fifty thousand to one million PBMCs with 1 ml 
of Roswell Park Memorial Institute (PRMI)-1640 
medium was incubated for 6 h at 37°C in 5% 
CO2 in the presence of 50 ng/ml of phorbol 
myristate acetate (PMA), 1 μg/ml of ionomycin 
and 0.7 μl/ml of monensin (all from BD 
Biosicence Pharmingen, San Diego, CA).

PMA and ionomycin were pharmacologic T cell-
activating agents that mimic signals generated 
by the T cell receptor (TCR) complex and help to 
stimulate T cells of any antigen specificity. 
Monensin was used to block the intracellular 
transport mechanisms, thereby leading to an 
accumulation of cytokines in the cells.

After incubation, the cells were stained with 
PE-Cy7-conjugated anti-CD4 monoclonal anti-
bodies at 4°C in the dark for 20 min. The cells 
were then stained with FITC-conjugated anti- 
IFN-γ monoclonal antibodies, PE-conjugated 
anti-IL-17A monoclonal antibodies, APC-Cy7-
conjugated anti-IL-4 monoclonal antibodies, 
and APC-conjugated anti-IL-22 monoclonal 
antibodies for 30 min after fixation and perme-
abilization (20 min). Isotype controls were used 
to ensure correct compensation and to identify 
antibody specificity. Stained cells were mea-
sured by flow cytometric analysis using an FACS 
Calibur cytometer equipped with CellQuest 

time polymerase chain reaction (qRT-PCR)

Total RNA was extracted from PBMCs using 
Trizol (Invitrogen, USA) according to the intro-
duction. The RNA was quantified and 1 μg was 
used for synthesizing cDNA through the reverse-
transcription kit (TaKaRa, Japan). Reverse tran-
scription reaction was accomplished at 37°C 
for 15 min, 85°C for 5 s. Quantitative real-time 
polymerase chain reaction (qRT-PCR) was per-
formed in 96 well plate format using SYBR 
Green (TaKaRa, Japan) with each 10 μl reaction 
containing approximately 50 ng cDNA, 0.2 μM 
of forward and reverse primers, and 1× SYBR 
Premix Ex Taq II. The plate was sealed and 
cycled under the following conditions: 95°C for 
30 s, 40 cycles of 95°C for 5 s and 60°C for 31 
s. Each reaction was performed in triplicates. In 
order to normalize PCR, mRNA levels of the 
house-keeping gene β-actin (also known as 
ACTB) were used. PCR efficiencies were deter-
mined from a slope of a standard curve gener-
ated by ten-fold dilution series of the DNA tem-
plates. Amplification efficiency of all the genes 
was almost the same through evaluating the 
standard curve, so fold induction was deter-
mined from Ct values using 2-ΔΔCt method. The 
primers for human IL-22, IL22R1, IL10R2, AHR, 
IFN-γ, IL-4 and β-actin were synthesized by 
Shanghai Jikang Biology Company (Table 1).

Cell stimulation

A total of one million isolated PBMCs were incu-
bated in RPMI1640 supplemented with 10% 
fetal bovine serum and 100 U/ml penicillin/
streptomycin at 37% in an incubator containing 
5% CO2. Simultaneously, 40 ng (20 μl, 40 ng/μl) 
recombinant human IL-22 and 40 ng (10 μl, 40 
ng/μl) recombinant human IL-2 were added. 
Adding only 40 ng (10 μl, 40 ng/μl) recombi-
nant human IL-2 served as the negative control. 
After 48 h of stimulation, cells and supernatant 

Table 1. Primer sequences of qRT-PCR
Gene Forward Primer (5’-3’) Reverse Primer (5’-3’) Gene Length (bp)
IL-22 TGCTGTTCCCTCAATCTG TGTGCTTAGCCTGTTGCTG 86
IL22R1 TGACGGTGGAGACGGGC GGTGGCTTGAGGGTAGTGTG 130
IL10R2 CGCCTTGCTGTGGTGC AACTCTTTCAGGTGCTGTGGA 81
AHR TTACAGGCTCTGAATGGCTT TTTTCTGGAGGAATCTGGTCT 281
IFN-γ TTTTGAAGAATTGGAAAGAGGA CACTTGGATGAGTTCATGTATTG 254
IL-4 GAAGAGAGGTGCTGATTG GGAAGAACAGAGGGGGAAG 234
β-actin CATTGCCGACAGGATGCAG CTCGTCATACTCCTGCTTGCTG 169

software (BD Bio- 
science Pharmin- 
gen, San Diego, 
CA). All the above 
antibodies were 
obtained commer-
cially from BD (BD 
Biosicence Phar- 
mingen, San Die- 
go, CA).

Quantitative real-
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were harvested, frozen in liquid nitrogen and 
kept at -80°C until further analysis. Cytokines 
content in the supernatant, like IFN-γ and IL-4, 
was measured. The mRNA expression of cyto-
kines in stimulated PBMCs was detected using 
qRT-PCR.

Cytokine assays

Collected supernatants were centrifuged at 
4000 rpm for 15 min at 4°C and then detected 
by Bio-Plex ProTM Human Cytokine Assays (Bio-
Rad, USA), which are magnetic bead-based 
multiplex immunoasssays consisting of a com-
prehensive blend of soluble biomarkers, IFN-γ 
and IL-4. First, we washed the plate with Assay 
Buffer for one time added 50 μl assay buffer 
containing coupled beads (antibody to IFN-γ 
and IL-4) to each well, and then assigned 50 μl 
standards and the supernatant samples for 
incubating for 1 h. We next washed the plate 
three times using assay buffer, added 30 μl 
antibody diluent and incubated for 30 min. We 
assigned 50 μl assay buffer containing strepta-
vidin-PE and incubated for 10 min. Finally, 125 
μl assay buffer was added to all the wells, vor-
texed for 3 min, and Bio-Plex ManagerTM soft-
ware was recommended for all the data acqui-
sition and analysis. 

Statistical analysis

Results are presented as mean ± SD. The mean 
values were analyzed between the two groups 

(AITDs group and NC group) using two-indepen-
dent-sample T test or nonparametric test (two-
independent-samples test). SPSS 17.0 was 
used for statistical analysis. P value less than 
0.05 was considered to be statistically 
significant. 

Results

Serum levels of IL-22

Serum IL-22 level was measured in both AITDs 
patients and controls. It was found below the 
lowest detection limit of the ELISA kit (2.7 pg/
ml) in most AITDs patients and controls. Serum 
IL-22 level was detected in some AITDs patients 
(36.07%) [GD patients (35.48%) and HT 
patients (36.67%), respectively] and in some 
control subjects (52.63%). AITDs patients were 
found to have an increased serum IL-22 level 
(10.28 pg/ml) compared with controls (4.14 
pg/ml) (P = 0.025) among these detectable 
individuals. When further analyzed, serum IL-22 
level was significantly higher in GD patients 
(11.35 pg/ml) than in the control group (P = 
0.04). HT patients showed an increased IL-22 
serum level (9.22 pg/ml) than that of controls, 
with the P value was nearly significant (P = 
0.066). But compared to GD group, serum IL-22 
level was decreased in HT group showing no 
statistically significance (P = 0.397). All data 
are shown in Figure 1.

Frequency of Th22 cells in PBMCs

As shown in Figure 2, we used CD4+IL22+IFNγ-

IL4-IL17A- as the phenotype of Th22 cells. Flow 
cytometry showed that compared with normal 
controls, there was an elevated tendency in 
both GD and HT patients, especially the GD 
group with a significant difference (P = 0.043). 
Th22 cells ratio of HT patients was higher than 
that of normal controls (P = 0.051, nearly 
approaching statistically significant), but lower 
than GD patients (P = 0.732). 

mRNA expression of IL-22, AHR, IL10R2 and 
IL22R1 in PBMCs

IL-22 mRNA expression in PBMCs of GD patients 
was obviously higher than that of normal con-
trols and HT patients (P = 0.044 and 0.047, 
respectively). Compared with control group, 
IL-22 mRNA expression in HT group only showed 
an increased trend, but without significant dif-

Figure 1. Serum IL-22 levels of AITDs patients and 
healthy controls. The concentrations of serum IL-22 
in AITDs patients (including GD, HT patients) and 
healthy controls were measured by ELISA. Data was 
expressed as the mean values of cases and controls. 
*P﹤0.05.
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ference (P = 0.703). We found no expression of 
IL22R1 mRNA in PBMCs. There was an 
increased trend of IL10R2 in GD and HT 
patients compared with healthy controls, 
though P value were both larger than 0.05. A 
higher AHR mRNA expression was observed in 
PBMCs of GD group (P = 0.041), not in HT group 
(P = 0.093). The data comparisons are dis-
played in Figure 3. 

Cytokines expressions in cultured PBMCs after 
IL-22 stimulation

After 48-hour stimulation with IL-2 and IL-22, 
IL-4 level of the supernatant in control and GD 
groups was greatly increased, especially in GD 
group (P = 0.045), while IFN-γ level was 
decreased (P = 0.047). Moreover, IL-4 mRNA 
expressed in PBMCs was also elevated (P = 
0.043), IFN-γ mRNA expression declined in 
both of the two groups (P = 0.141). However, in 
HT group, IFN-γ level in the supernatant was 
greatly increased, while IL-4 level was 
decreased. Data are shown in Figure 4.

cause antibody dependent pathological pro-
cess such as TRAb in GD [3]. However, they 
cannot explain the whole pathogenesis of 
AITDs.

Initially, IL-22 was thought to be a kind of cyto-
kine of Th1 cells. In the pathological studies on 
psoriasis and allergic dermatitis, abundant 
expression of IL-22 was detected in circulation 
and skin lesions of the patients, while other 
cytokines like IL-17 and IL-23 were undetect-
able [15]. Then this specific T lymphocyte, 
which independently secretes IL-22, was 
named as Th22 cell [6]. 

Nowadays, the role of Th22 cell in autoimmune 
diseases has become a hot issue in immunol-
ogy community and draws intensive attention. 
A significant amount of IL-22 and IL22R1 
expressions were found in the colonic epithelial 
mucosa of patients with ulcerative colitis [16]. 
Elevated serum IL-22 level is positively corre-
lated to the disease activity of Crohn’s disease 
[17]. One study showed that Th22 cells level in 

Figure 2. Flow cytometry analysis detected Th22 cells. PBMCs were isolated from participants with PMA/ionomycin 
stimulation and harvested for staining with PE-Cy7-conjugated anti-CD4 antibody, fixed and permeabilized, followed 
by intracellular staining with FITC-conjugated anti-IFN-γ monoclonal antibody, PE-conjugated anti-IL-17A monoclonal 
antibody, APC-Cy7-conjugated anti-IL-4 monoclonal antibody, and APC-conjugated anti-IL-22 monoclonal antibody, 
and finally tested by flow cytometry. Subsequently, the cells were gated first on CD4+ cells for analysis of the fre-
quency of CD4+IFNγ-IL4- cells, which were further analyzed for CD4+IFNγ-IL4- cells. The CD4+IFNγ-IL4- cells were then 
analyzed for CD4+IL22+IFNγ-IL4-IL17A- cells, followed by quantitative analyses. Data were represented as the mean 
values of individual subjects. A-E: representative charts of flow cytometry analysis: A: PBMCs subtype; B: T cells 
subtype; C: CD3+ cells subtype; D: CD4+IL4- IFN-γ- cells subtype; E: Th22 cells (CD4+IL22+IFNγ-IL4-IL17A-) subtype. F: 
frequencies of Th22 cells in AITDs and NC groups. *P﹤0.05.

Figure 3. mRNA expressions of IL-22, IL10R2, and AHR in PBMCs. The mRNA 
expressions of IL-22, IL10R2, and AHR were measured in AITDs and control 
samples by qRT-PCR, with β-action as an endogenous control. The results of 
individual participants were determined from Ct values using 2-ΔΔCt method. 
The fold changes were shown relative to control samples. The data were 
displayed as bar chart with error bars. *P﹤0.05.

Discussion

As two main subclasses of 
AITDs, GD and HT are thought 
to have different clinical pre-
sentations caused by differ-
ent overwhelming lympho-
cytes on specific conditions. 
For decades, the traditional 
Th1/Th2 imbalance has been 
used to explain the two vari-
ants. We all know that Th1 
may initiate apoptosis and 
other destructive processes 
in HT through secreting proin-
flammatory cytokines such as 
INF-γ [4]. And Th2 cells with 
other cytokines like IL-4 secre-
tion may aid plasma cells and 
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circulation was higher in psoriatic patients [18]. 
Lo et al. found that IL-22 level in the serum of 
patients with psoriasis was greatly elevated 
and was related to the severity extent of the 
disease [19]. Th22 cell was also at a higher 
level in other diseases like rheumatoid arthritis 
(RA) [11]. 

Interestingly, our present study found that the 
serum level of IL-22, the expressions of its 
mRNA, its receptor and even Th22 were all 
increased in patients with GD. This is in accor-
dance with the overexpression of key transcrip-
tion factor of IL-22, i.e., AHR in PBMCs of GD. 
For HT, IL-22 expression did not differ from that 
in normal individuals neither at protein nor at 
mRNA level, although there was an obvious 
trend towards increment. Our results are con-
sistent with those found in GD [13], but to some 
extent different from those found in HT [14], 
which also showed an increased Th22 expres-
sion. Although the specific samples and the 
confined sensitivity of assays might contribute 
to the difference, we did discover a distinctive 
Th22 expression mode in GD and HT. In addi-
tion, we believe the experiments performed 
under the same condition may help us disclose 
the entities of different AITDs more clearly. 

The augmentation of Th22 cell and its pathway-
molecules in AITDs do not definitely mean that 
they are detrimental to the patients. For exam-
ple, IL-22 is deemed as a proinflammatory fac-
tor in many autoimmune inflammatory diseases 
such as RA and SSc; it seems to play a protec-
tive role in patients with SLE [12, 20]. Because 
the importance of Th1/Th2 imbalance in AITDs 

is well documented, we then conducted the 
lymphocyte stimulation experiment for further 
investigation. We found that the PBMCs from 
GD patients with additional stimulation of IL-22 
elicited more production of IL-4, while PBMCs 
from HT patients synthesized more INF-γ 
(although with no statistical significance). It is 
well known that both IL-4 and INF-γ take domi-
nant proinflammatory parts in GD and HT, 
respectively. Taking together our results, we 
postulate that Th22 cell and its effector cyto-
kine IL-22 may initiate or perpetuate the patho-
physiological progression of AITDs, especially 
in GD, via strengthening the other T lympho-
cytes and inducing other immune mediators. 

In summary, Th22 cells may have a cooperative 
or synergetic function with Th2 cells in the 
immunopathogenesis of GD. Therefore, reduc-
ing the abnormally increased Th22 relevant 
cytokine may lead to a novel therapeutic strat-
egy for GD.
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